Objective: To validate longitudinal postnatal weight gain as a method for predicting severe retinopathy of prematurity (ROP) in a US cohort.
R
ETINOPATHY OF PREMATUrity (ROP) is a neovascular eye disease that affects the developing retina in premature infants and is a leading cause of preventable childhood blindness in developed and developing countries. [1] [2] [3] Most cases of ROP are mild and spontaneously regress without treatment. However, severe cases of ROP lead to progressive retinal scarring and detachment, resulting in vision loss. Detection and treatment of ROP through screening have been shown to decrease the incidence of severe vision loss and to reduce unfavorable outcomes. 4, 5 Screening for ROP is performed in infants with a birth weight (BW) of less than 1500 g or a gestational age (GA) of 30 weeks or younger and in select infants with a BW of 1500 to 2000 g with an unstable clinical course who are believed to be at high risk for ROP. 6 Screening for ROP often requires multiple examinations using indirect ophthalmoscopy with scleral depression. These examinations are stressful for infants, [7] [8] [9] labor intensive for the ophthalmologist, and often unavailable in remote or underserved areas. Based on the revised guidelines from the Early Treatment for Retinopathy of Prematurity study, 5 approximately 8% of screened infants will require treatment for ROP. Since 1981, the rate of premature birth in the United States has risen more than 36%, from 9.4% to 12.8%, 10 leading to more infants qualifying for screening to identify less than 10% of infants who will require treatment. 5 Given the low treatment yield of all screened infants, more cost-effective programs are needed to identify infants at high risk for developing severe ROP. Current ROP screening guidelines do not consider postnatal clinical risk factors that may affect the development of ROP. 1, 11, 12 The weight, insulinlike growth factor (IGF), neonatal ROP (WINROP) algorithm is an online surveillance system developed in Sweden to evaluate the risk of severe ROP based on weekly postnatal measurements of serum IGF-1 levels and weight. 13 This system is designed to detect a slowing of the rise in an infant's IGF-1 levels or a slowing of weight gain compared with expected values in a cohort of premature infants who developed no ROP or only stage 1 ROP. 13 Several studies [13] [14] [15] have validated this algorithm. In the initial study, 13 the WINROP algorithm was developed and tested using data from 79 preterm infants at risk for ROP (ie, an in-sample evaluation). Using the WINROP system, 23% of infants were considered at risk for developing treatable ROP. All 6 infants who required treatment were correctly identified at least 5 weeks before treatment. A second prospective study 15 was performed on a new population of 50 infants from another region in Sweden. The system identified all 9 infants who developed proliferative ROP an average of 9 weeks (range, 1.1-21.6 weeks) before diagnosis.
These studies used IGF-1 levels and weight gain to predict ROP. Excluding IGF-1 levels from this algorithm would simplify the screening to weight measurements alone (which are easily and routinely obtained), would reduce the cost and stress on infants from blood sample collections, and may potentially be available in underserved areas with limited resources. A retrospective study 14 of 353 children in Sweden was performed using the WINROP algorithm based on postnatal weight gain alone. Eighty-five of these children (24.1%) were identified before 32 weeks' postmenstrual age to be at risk for developing treatable ROP. All of the infants who developed proliferative ROP (n=35, 41.2%) and all who required treatment (n=25, 29.4%) were correctly identified in this group. The median time from the alarm to treatment was 9 weeks (range, 4.0-18.3 weeks). The objective of the present study was to evaluate whether this algorithm also provided early prediction of the development of severe ROP in a population of premature infants in the United States.
METHODS

PATIENTS
A retrospective review was performed on all premature infants born at the Brigham and Women's Hospital between October 21, 2005, and December 12, 2008, who qualified for ROP screening. Infants who were born at a GA older than 32 weeks or who did not have weekly weight measurements available until 36 weeks' postmenstrual age because of discharge or transfer to another facility, other than Children's Hospital Boston, were excluded from this study. Infants were required to have ROP follow-up until ROP was regressing, mature retinal vascularization or immature retinal vascularization in zone III was reached, prethreshold or threshold ROP occurred, or treatment was required. The following data were collected: GA at birth, BW, weekly postnatal weight measurements until 36 postmenstrual weeks, sex, parity, race, ROP examination results, and the incidences of bronchopulmonary dysplasia, intraventricular hemorrhage, hydrocephalus, and necrotizing enterocolitis.
ROP SCREENING AND TREATMENT
All the infants were examined according to standard ROP protocol consisting of a dilated funduscopic examination using binocular indirect ophthalmoscopy with scleral depression. The first ROP examination was performed between 30 and 34 postmenstrual weeks based on GA at birth: 6 weeks of age for GA of 26 weeks or younger, 5 weeks of age for GA of 27 to 28 weeks, 4 weeks of age for GA of 29 to 30 weeks, and 3 weeks of age for GA of 31 to 32 weeks. Examinations usually occurred every 1 to 2 weeks but ranged from twice per week to every 3 weeks depending on the severity and zone of ROP.
The highest stage of ROP and lowest zone were recorded, as was the presence of prethreshold or threshold disease and the need for treatment.
Retinopathy of prematurity was classified according to the International Classification of Retinopathy of Prematurity (stages 1-5). 16 Threshold ROP is defined as 5 contiguous or 8 cumulative clock hours of stage 3 ROP with plus disease in zone I or II. Prethreshold disease is defined as any zone I ROP, zone II stage 2 ROP with plus disease, or zone II stage 3 ROP without plus disease or with plus disease but less than the requisite clock hours to qualify as threshold disease. Based on the Early Treatment for Retinopathy of Prematurity study criteria, 5 standard treatment with laser photocoagulation was provided if ROP became severe enough to warrant treatment at type 1 ROP. Type 1 ROP is defined as any zone I ROP with plus disease, zone I stage 3 ROP without plus disease, or zone II stage 2 or 3 ROP with plus disease.
For ROP analysis in this study, the maximum ROP for the worse eye was calculated for each infant and was categorized into 3 groups: (1) no ROP (immature or mature vascularization), (2) mild ROP (stage 1 or 2 ROP in zone II or III, without plus disease), or (3) severe ROP (any prethreshold, any stage 3, or threshold ROP). Infants who required treatment for ROP were further analyzed separately as a subset of patients with severe ROP.
WINROP SCREENING
The WINROP algorithm was developed using the methods of online statistical surveillance. [17] [18] [19] A reference model of the expected weekly IGF-1 levels and weight gain was developed using data from infants who developed no ROP or stage 1 ROP. 13 The differences between the weekly expected postnatal IGF-1 level and weight gain and the observed values are calculated and accumulated. When the accumulated sum exceeds a limit, an alarm is signaled to indicate that the infant may be at risk for developing severe ROP. In this study, only postnatal weight gain was evaluated using the WINROP algorithm.
Each infant's GA, BW, and weekly postnatal weight from birth to postmenstrual week 36 were entered into the algorithm. When an alarm was signaled, the infant's GA at birth and BW were reevaluated to determine whether the infant was at low or high risk for developing severe ROP. High-risk infants were classified as having a GA at birth of younger than 30 weeks and a BW of less than 850 g. Infants were classified into 3 alarm levels: (1) no alarm, (2) low-risk alarm, or (3) highrisk alarm.
STATISTICAL ANALYSIS
Each infant's alarm risk was compared with his or her maximum ROP group. We evaluated the ability of the WINROP algorithm to detect all cases of severe ROP with a high-risk alarm signal. The sensitivity and specificity of the WINROP screening using the variables of GA at birth, BW, and weekly postnatal weight gain were analyzed. The negative and positive predictive values were calculated using the sensitivity, specificity, and prevalence of severe ROP for the study group. We calculated 95% confidence intervals for estimated binary proportions (sensitivity and specificity) by using the exact method by Clopper-Pearson. 20 
RESULTS
PATIENTS
For this study, 361 infants were eligible. Forty-three infants were excluded ( Table 1) infants were born at a GA older than 32 weeks, and none developed ROP. Nine infants were excluded because of missing weights. Weights were missing owing to unavailability of the medical record for 2 infants, and weights were not recorded at the specified weekly interval for 7 infants who were transferred to Children's Hospital Boston for surgical care. Two of these 9 infants developed prethreshold ROP, 1 of whom was treated, and the other 7 infants developed no more than mild ROP. One additional infant who developed prethreshold ROP was excluded from the study because of nonphysiologic excessive weight gain after complications from gastrointestinal surgery.
A total of 318 infants participated in the study. The median GA was 29 weeks (range, 23-32 weeks), and the median BW was 1050 g (range, 450-2400 g). Male infants accounted for 55% of the study population, and 181 infants were singleton births, 118 were twin births, and 19 were triplet births. The study population was 60% white, 19% black, 13% Hispanic, and 8% Asian. There was a higher rate of complicating factors, such as bronchopulmonary dysplasia, intraventricular hemorrhage, hydrocephalus, and necrotizing enterocolitis, in infants with more severe ROP ( Table 2) .
ROP AND WINROP OUTCOMES
Severe ROP developed in 28 infants (8.8%), with 13 (4.1%) requiring treatment. No ROP developed in 171 infants (53.8%), and 119 infants (37.4%) developed mild ROP ( Table 3) .
No alarm was signaled in 56 infants, and a low-risk alarm was signaled in 181 infants. None of the infants in these groups developed more than mild ROP, and all regressed without treatment ( Table 3 ). The median GA at birth was 29 weeks (range, 25-31 weeks) in the no alarm group and 30 weeks (range, 25-32 weeks) in the lowrisk alarm group. The median BW was 1450 g (range, 820-2400 g) in the no alarm group and 1118 g (range, 840-2090 g) in the low-risk alarm group.
A high-risk alarm was signaled in 81 infants (25.5%). All 28 infants who developed severe ROP were identi- fied in this alarm group. The median GA at birth was 25 weeks (range, 23-30 weeks), and the median BW was 770 g (range, 450-850 g) in this group. Thirteen infants in this group required treatment for ROP. The median GA at birth was 24 weeks (range, 23-27 weeks), and the median BW was 640 g (range, 490-830 g) in infants who required treatment for ROP.
For the 28 infants who developed severe ROP, the median time from birth to the alarm signal was 3 weeks (range, 1-11 weeks) and from alarm to the development of severe ROP was 9 weeks (range, 1-14 weeks). The median time from the alarm signal to treatment was 8 weeks (range, 4-12 weeks) in the 13 infants who required treatment.
Using the WINROP algorithm with postnatal weight measurements in this US cohort, 81 infants (25.5%) would require ophthalmologic examinations, thereby safely reducing the number of ROP examinations in 75% of the infants in this population. The forewarning given by the alarm did not reduce the number of examinations for the infants at risk, but it gave ample time for warning that ophthalmologic examinations should take place.
TEST CHARACTERISTICS
The sensitivity of the WINROP algorithm in detecting severe ROP was 100% (95% confidence interval, 87.7%-100%; 28 of 28 infants) and the specificity was 81.7% (95% confidence interval, 76.8%-86.0%; 237 of 290 infants). The positive predictive value was 34.6% (28 of 81 infants), and the negative predictive value was 100% (237 of 237 infants).
COMMENT
Current ROP screening guidelines use GA at birth and BW as criteria for screening. However, more than 90% of these infants will not require treatment, with ROP either regressing or never developing. 5, 21 With the increasing survival rate in premature infants and the decreasing number of ophthalmologists screening for ROP, more infants qualify for screening and are subject to multiple eye examinations, sometimes as frequently as every few days, creating an excess workload on ophthalmologists for identifying the few infants who will develop treatable ROP.
Retinopathy of prematurity is caused by abnormal postnatal retinal development. Identifying postnatal factors that may have a role in the incidence and severity of ROP would be beneficial for the screening and prevention of ROP. Low serum IGF-1 levels and poor postnatal weight gain are associated with the development of worse ROP in clinical and animal studies. [13] [14] [15] [22] [23] [24] [25] [26] The WINROP algorithm can use both of these factors to identify infants who are at high risk for developing severe ROP, or it can use postnatal weight gain alone. In retrospective and prospective studies 13, 15 in Sweden, the WINROP surveillance system accurately identified all infants who developed proliferative ROP. Further simplification of the WINROP system using only postnatal weight measurements has been shown to successfully identify all infants who will develop severe ROP requiring treatment and to correctly predict most infants who did not require treatment in a population of premature infants from Sweden.
14 The present findings in the United States also support this simplified screening method, and we found similar results with 100% sensitivity and a 100% negative predictive value in detecting severe ROP. Whereas the Swedish population may represent a relatively homogeneous group for race, the present study population was more racially diverse.
In infants who developed severe ROP, the high-risk alarm was signaled a median of 3 weeks after birth, 9 weeks before the diagnosis of severe ROP, and 8 weeks before treatment for ROP. Identification of infants at risk for developing severe ROP weeks to months before onset may have a significant positive effect on the care of these infants. Because the development of treatable ROP can range from as early as 31 postmenstrual weeks to as late as several weeks after term, knowledge of ROP risk would optimize inpatient and outpatient management. Although we did not find that earlier ophthalmologic examinations were needed to detect treatable ROP, some of the more fragile premature infants require deferment or rescheduling of eye examinations because of medical instability. Information related to the ROP risk in these infants would be useful in the timing of follow-up ROP examinations. Some infants will develop treatable ROP after discharge from the neonatal intensive care unit, and outpatient follow-up is important. More regulated follow-up measures can be used for these high-risk infants to ensure visit compliance and decrease the risk of an unfavorable outcome from missed ROP appointments. The need for continued ROP screening may necessitate that some infants remain in the neonatal intensive care unit rather than being discharged or transferred to other neonatal intensive care units where treatment for ROP may not be readily available. In addition to targeting infants at higher risk, there would be a decrease in the number of stressful eye examinations performed on premature infants with no alarm and low-risk alarms.
In this study, infants who developed severe ROP had a higher incidence of bronchopulmonary dysplasia, intraventricular hemorrhage, hydrocephalus, and necrotizing enterocolitis compared with those who developed no ROP or mild ROP. This is not surprising because this outcome follows with clinical observation that sicker and smaller infants develop more severe disease. Given the high rate of comorbidities associated with prematurity, care must be taken to exclude infants from the WINROP algorithm who develop nonphysiologic weight gain, such as from severe hydrocephalus or excessive edema.
Timely detection and treatment of ROP to obtain the best visual and structural outcome in premature infants who develop severe ROP are the foundation of ROP screening. New approaches using postnatal risk factors may help reduce the number of infants requiring eye examinations for ROP and may target infants at high risk for developing severe ROP. To be effective, these methods must be costefficient, be readily available, and have extraordinarily high sensitivity to detect treatable ROP. The WINROP algorithm using postnatal weight measurements seems to fulfill these conditions and has been validated in different patient populations in 2 countries. Continued validation with (REPRINTED) ARCH OPHTHALMOL / VOL 128 (NO. 4), APR 2010patient populations across the world is necessary before adopting new screening guidelines for ROP. 
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